T h e possible presence and influence of small-scale upper mantle convection in oceanic and tectonically active continental regions is uncertain (1) (2) (3) . Seismic tomography is providing direct evidence on global patterns of mantle convection (4, S), but high-resolution images are required for the investigation of small-scale convection in the upper mantle. We used tomographic results from central California and tectonic data on the slab window that develooed after formation of the San Andreas fault svstem to characterize the cooling of the -new mantle. Along with an analytical model of the instabilitv of the cooling mantle, -these observations and constraints provide an estimate for the upper mantle viscosity under California.
Until about 30 million years ago (Ma), the entire western coastline of California was the site of subduction of the oceanic Farallon date. At this time. a section of the Pacific-Farallon spreading center began to be consumed under the North American plate as the San Andreas fault, a new transform boundary, formed ( Fig. 1) (6, 7) . Adjacent to the new transform boundary, a slab window (upper mantle space that was previously occupied by a subducting plate) opened under southern California and lengthened northward during the past 25 to 30 million years (8) . In the slab window, upwelling asthenosphere replaced the sinking remnants of the Farallon plate and influenced the tectonics of coastal California (9) .
Recent seismic tomography results obtained by several independent groups using different techniques (linearized inversion and back-projection) provide coverage of the upper mantle P-wave velocity variations under California to depths of -250 km; the average spatial resolution is -50 km (10-13). The results (Fig. 2) show the presence of a deep high-velocity (>3%) anomaly north of Cape Mendocino, consistent with subduction of the Gorda plate under the North American plate there (I 1). A second, enigmatic deep region of high velocity underlies the southern Great Valley (SGV) to a depth of 230 km (12-16). This anomaly is separate from but similar to another hieh-velocitv anom--sly under the Transverse Ranges, which was interpreted as downwelling of converging subcrustal lithosphere (1 5, 17 ).
The local convergence was related to the major westward step in the San Andreas fault at the big bend. Such a model cannot be used to explain the SGV anomaly, however, because it is not located in a region of convergence.
The opening of the slab window under California orovides a natural convection experiment. Hot upper mantle material was suddenly emplaced at the base of a relatively cold, thin lithosphere. We assume that the new mantle cools conductively until the thermal boundarv laver between the chilled lithosphere ' and asthenosphere reaches a critical thickness; then the cool, dense mantle becomes unstable, detaches, and sinks (Fig. 3) . The sinking mantle induces an upward counterflow of warm mantle. This interpretation differs from that of the Transverse Range anomaly (15, 17) because the high-velocity cool body is interpreted as dripping off the base of the lithosphere (16) instead of a being driven downward by the subduction of subcrustal lithosphere. We evaluate this model using reasonable values for upper mantle properties beneath California and boundam conditions provided by the tectonic history. The time constraints are the opening of the slab window at the latitude of the Great Vallev and the time reuuired for the cool mantle to sink to the de'pth observed from tomography. The diameter of the mantle blob provides a constraint on the estimated maximum thickness of the thermal boundam laver before it became unstable.
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As the thermal boundary layer forms, the increasing thickness of higher density mantle will destabilize the lower portion of the layer. The local Rayleigh number (18, 19) is where a is the coefficient of thermal expansion (2 x 10-j K-I), g is the gravitational acceleration (10 m sP2),p is density (3700 kg m P 3 ) , K is thermal diffusivity (1.5 x lop6 m2 s-I), AT is the temperature drop across a boundary layer of thickness 6 , and (I, is the dynamic viscosity. When (Ra)* reaches a critical value of about 1000, the laver of thickness 6 becomes unstable and sinks as a blob in a time period small compared with the time for the development of the instability (Fig. 3) (18) . The calculation of the thickness and temoerature difference across the boundary layer reauires some assumotions about the temperature-dependent rheology of the mantle. We follow Parsons and McKenzie (1) and pick an isotherm of 975°C to represent the transition from rigid to viscous behavior.
Then AT is measured from the 975°C isotherm to another isotherm of yT, where T is the uniform temperature of the interior mantle and y is a constant near 1. We assume T = 1300°C and y = 0.97, which makes AT = 286°C.
To examine the growth of the boundary layer, we solved the one-dimensional heat conduction equation (20) with initial conditions for an isothermal asthenosphere (1300°C) emplaced at the base of a 50-kmthick conductive lithosphere with an initial 12°C km-' geothermal gradient appropriate for a subduction zone (Fig. 4) . The growth of the thermal boundary layer follows the relation,
where the constant c = 1.5 for our boundam conditions. The most uncertain parameter in Eq. 1 is the viscositv. Therefore. we used Eas. 1 and 2 to calculate the viscosity required to produce an instability in a given time ( Ta The uncertainty of the instability criterion raises the question of the precise meaning of the critical time for the development of the instability-is it the initiation time or does it include some partial development of the b l o L a n d the sensitivity of the results to variations in boundary conditions. Some of these issues were addressed in a numerical study of two-dimensional transient convection for the oceanic lithosphere (21). Our problem is similar to the cooling of oceanic lithosphere except we start with a lithosphere of finite thickness. In the numerical study (2 I), the onset time (to) was defined as when the amplitude of convection had grown by an order of magnitude and cold thermals had formed. To take advantage of the numerical simulations, we calibrated our problem to the oceanic one using our calculated temperature profiles (Fig. 4) . After 5 million years, the temperature profile of the slab window takes on the shape of the temperature profile for a 60-km-thick, 30-million-vear-old oceanic lithos~here (this calibration is dependent on the thickness and initial temperatures of the overlying conductive layer). The thermal evolution in both problems is nearly identical after this time. Using this equivalency (22), we calculated the critical thickness and corresponding viscosity (for both free and no-slip boundary conditions) for a range of onset times ( Table 1 ). The range of viscosity values (1 x 10" to 5 x 1019 Pa s) brackets the range obtained with the approximate local Rayleigh number criterion.
If the SGV anomaly is a growing thermal instability, the half width of the feature corresponds to the boundary layer thickness (Fig. 3) 
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VOL. 261 models for the rebound of the Pleistocene Lake Bonneville shorelines in Utah (25) , and changes in lake levels in Iceland associated with load changes from a nearby ice cap (26) , but the r a n k is significantly less than the estimated average whole mantle viscosity of lo2' Pa s (27) . Observations of linear topography and gravity anomalies under young oceanic lithosphere are consistent with convective instability in a mantle with an average viscosity of 1018Pa s developing within 5 to 10 million years of the start of plate cooling (28, 29) . Therefore, small-scale convection cannot explain the 70-to 80-million-years flattening of the oceanic subsidence rate (29) , but other mechanisms can account for this effect (30).
Mantle viscosity is most likely temperature-and pressure-dependent (29, 31, 32) . Studies of small-scale convection with variable or temperature-and pressure-dependent viscosity (2, 29, (31) (32) (33) all agree that convective instability is possible if the upper mantle viscosity is sufficiently low (about I x 1018 Pa s). In particular, Buck and Pannentier (29) predict instability in 5 to 10 million vears for an oceanic mantle with a temperature-and pressure-dependent viscosity profile with a minimum of 1 x loL8 Pa s in the shallow asthenosphere. This result is within the range of viscosity we calculated using the simple local Rayleigh number criterion. Previous studies (28, 33) have noted that for order-of-magnitude estimates of onset time, the local Rayleigh number criterion is robust, even in comparison with variable viscosity calculations.
In a global upper mantle tomography study (5), shear velocity variations of k 4 % were mapped at depths of 100 to 200 km, which implies that the upper mantle is characterized by large domains of high temperatures and the asthenosphere is not homogeneous. The regions with evidence for low upper mantle viscosity-California, Utah, Iceland, east-central Pacific Ocean, and southern Indian Ocean-are characterized by slow upper mantle velocities. From scale convection in the upper mantle. If small-scale convection is ubiquitous over large domains of the Earth, the process will have important implications for estimates of global heat loss (34) . We must also consider the effect, if any, that shallow mantle flow has on the overlying crust. The flow's dynamical stresses on the elastic layer will generate topography variations as large as I km with lows centered on the downwelling sites (20, 31) . If the overlying plate is strong and intact, a downward flexure will form, creating a sedimentary basin on the surface (Fig. 5A) . On the other hand, if the plate is weak or broken alone a weak fault and horizontal L7 compressional forces exist, a localized uplift can result (Fig. 5B) . In either case, when the blob eventually breaks free from the boundary layer, abruptly thinning the overlying plate, the subcrustal forces will be relieved, and some form of uplift will occur (32) of the adjacent southern Sierra Nevada mountains (Fig. 5A) . Farther south, perhaps another mantle downwelling occurs beneath the San Andreas fault, and the surface manifestation is the comoressional Transverse Ranges astride the big bend in the San Andreas fault. Kinematic modeling cannot distinguish whether downwelling caused the big bend in the San Andreas or if the big bend induced the local subduction in the mantle (15). In the case of the southern Great Vallev anomalv. it is diffi-, , cult to envision a medhanism by which the 200-km-deeo mantle blob is a consequence of crustal convergence. On the other hand, if the mantle flows are orimaw (once initiated by the opening oi the slab window), both the SGV and Transverse Range anomalies and their disparate surface manifestations can be explained. Aki revlewed seismic tomography results for Californla available at the time and made some Inferences about flow in the asthenosphere. On the basis of an interpretatlon of the low-velocity zone under central California as the presewed shape of the downgoing slab that has persisted for up to 10 million years, Aki suggested the mantle flow rate is m year-' Such slow flow rates requlred relatively small density varlatlons corresponding to the veloclty variations that were consistent with low velocities caused by melts in penny-shaped cracks with small aspect ratios. The more recent tomography results show that the slab shape of the low-velocityzone IS presewed but only to depths of 100 to 150 km. To those depths, the preserved shape can be explained by the rigidity of the North Amerlcan lithosphere, the base of which must mlrror the shape of the extinct slab.
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The thermal evolutions in both the oceanic problem and our problem are nearly identical after 5 million years, our temperature profile taking on that of a 30-million-years-old oceanic lithosphere. We expressed this equivalency between time in our problem, t , and time in the oceanic problem, t ', with t = i ' -25 million years Such values imply that a 1% velocity anomaly in the upper mantle corresponds to a 160°C temperature contrast. However, recent experimental data for peridotite gives avalue of aVpiaTof -2.9 m s-' "C-' for temperatures from 1040" to 1300°C, corresponding to those in our problem [H. Sato, I. S. Sacks, T. Murase, J. Geophys. Res. 94, 5689 (1989)l. For this temperature derivative, a 1% velocity anomaly corresponds to only a 28°C temperature contrast. If we consider the smoothing effect In the seismlc tomography, the observed magnitude of the SGV anomaly of about 5% is a minimum estimate, and hence we estimate that the corresponding temperature variation is 150" to 200°C This estimate is somewhat low but consistent with the upper bound of ATof the predicted temperature contrast of a sinking thermal blob (286°C In our model) It is also within the range of temperature contrast, about 200" to 300"C, of sinking thermal sheets in the numerical models of boundary layer instability (21). Values of aVpiaT intermediate between the end-members clted here can be accommodated in our hypothesis if the interior mantle temperature is increased and the transition temperature from viscous to rigld behavior is decreased; these effects increase ATby up to a factor of 2. However, if ATassociated with the SGV anomaly is significantly greater than 500" to Transcription of eukaryotic protein-encoding genes requires at least five general transcription initiation factors (TFIIB, TFIID, TFIIE, TFIIF, and TFIIH) in addition to RNA polymerase I1 (1) . The first step in preinitiation complex formation involves TFIID binding to the TATA box in the prornoter region, a process that may be facilitated by TFIIA. Subsequently, TFIIB binds to the TFIID-promoter complex and acts as a bridging factor to incorporate RNA polymerase I1 into the complex and to spec~fythe transcription initiation site (2) . It has been proposed that TFIIB ( 3 ) ,as well as TFIID (I), are targets for the acidic activation domain on the transcriptional activator VP16. Therefore, exploring the mechanism by which TFIIB interacts with the TFIID-promoter complex is necessary for understanding transcription initiation and regulation.
The isolation and characterization of cDNAs encoding TFIIB from human (4), 
